As part of our program to investigate the possible role of environmental pollutants in the incidence of intrauterine-growth retardation (IUGR) in India, we determined the lead and zinc levels in mothers and neonatal blood, collected at parturition, in cases with normal and IUGR babies. Both maternal and cord blood lead levels were significantly higher in IUGR cases than in normal cases (p < 0.05). The mean level of zinc was also higher in maternal blood of IUGR cases. Significantly, the mean cord blood lead level was > 10 lig/dL, which is greater than Centers for Disease Control's intervention level, in 54% of newborns. A good correlation (r = 0.53, p < 0.01) between maternal and cord blood lead levels confirmed the transfer of lead from mother to the fetus. There was a weak but significant relationhsip between cord blood lead levels and birth weight of newborns (r---0.22, p < 0.05). The study may serve as a pointer to the perils of in utero exposure to chemical contaminants and a call for measures by the public health authorities for a continuous bio-monitoring program to evaluate impact of environmental pollutants on women and children's health.
Introduction
Lead is a non-essential trace metal that is widespread in the environment. There is no protective barrier to the transplacental transport of lead during pregnancy, resulting in the exposure of fetuses to the metal (1) . During many metabolic alterations in pregnancy, the heavy metal exposure of mothers and the mobilization of metals in the mother's body have enormous significance to the function of the placenta and health of the fetus (2) . Prenatal exposure to lead has been associated with abnormal neurobehavioral (3) and cognitive development of young children (4) . The Centers for Disease Control and Prevention (CDC, Atlanta, GA) set the blood lead threshold for intervention at 10 pg/dL (3).
Zinc is an essential metal that is readily transferred to the fetus * ITRC communication no. 2147. * Author to whom correspondence should be addressed.
via placenta (5) . Congenital malformations of fetuses and intrauterine-growth retardation (IUGR) are reported to result from zinc deficiency during pregnancy; zinc deficiency also causes decreased linear growth velocity and decreased motor development scores in infants (6) . The information about possible relationship between lead and zinc concentrations in maternal and cord blood of subjects exposed to environmental levels becomes all the more important in view of their potential effects on the fetus and the neonate. There has been a tremendous jump in the number of vehicles in recent times in India and in the city of Lucknow in particular. Consequently, an increase in environmental lead concentration may be expected to lead to serious concerns among public health authorities about the exposure of young ones to the toxic contaminant. In Lucknow, the capital of the most populous state Uttar Pradesh, lead concentrations in air were reported to be 0.60-1.95 I~g/m 3 (7); the city population's exposure to lead is primarily through motor vehicle exhaust (8) , though use of lead-free petrol is slowly gaining ground. As such, knowledge of the biological level of lead in pregnant mothers and newborns may be needed to assess the adverse health risks and to identify the vulnerable group for intervention. In the present study, we have estimated the blood levels of lead and zinc in mothers with normal and IUGR babies to search for a possible role of these metals in IUGR. In addition, the study shall highlight the proportion of newborns particularly at risk of developing neurobehavioral, cognitive, and other problems resulting from lead intoxication.
Materials and Methods
Pregnant women drawn from Lucknow and adjoining areas attending the antenatal clinics of nursing homes in the city or admitted to Queen Mary's Hospital (King George's Medical College, Lucknow, India) were included in the study. Thirty pregnant women identified to have IUGR of developing conceptuses based on ultrasound and/or physical examination constituted the group of mothers with IUGR babies. Twenty-four healthy pregnant women with a normal progress of pregnancy and without any identified risk factors of IUGR or other complications of pregnancy constituted the group of mothers with normal newborn babies. Detailed case histories of all the mothers including age, socioeconomic status, parity, dietary habit, area of residence, possible occupational exposure, etc. were recorded. Six cases of IUGR and one case of normal newborn were excluded. The exclusion criteria were parity above three, tuberculosis on medication, and maternal valvular heart diseases. Five milliliters of maternal and cord blood from each subject was collected in preheparinized vials at the time of delivery and, as coded samples, transported to the department of analytical toxicology, Industrial Toxicology Research Centre, Lucknow for further processing to quantitate lead and zinc. Analyst was totally blind as to the category or medical history of the cases. Samples were stored at -20~ until analyzed.
Analysis of lead
Blood lead was determined using a graphite furnace atomic absorption spectrometer (Varian SpectrAA 250+, Varian Australia Pty Ltd., Victoria, Australia) (9) . The instrument was calibrated using aquous standards of 10, 20, 30, and 40 gg/L. Detection limit was 3 gg/L. Fifty microliters of blood were diluted 1:10 in the diluent in a 1.0-mL polystyrene autosampler tube. The diluent (Triton X-100 0.1%, w/v); NH4H2PO4 0.2% (w/v); NH3 0.14M) was prepared in deionized water. The calibration blank used was 0.2% nitric acid, 0.2% NH4H2PO4 solution and reagent blank was diluent solution. Accuracy and precision of the method was checked by spiking the samples with known amount of standard. The coefficients of variation were 6 and 4% at 10 and 40 ~tg/L, respectively.
Zinc was analyzed in blood by flame atomic absorption spectrometer (Varian Spectr AA 250+) using a hollow cathode lamp (213.9 nm). The instrument was calibrated using aqueous standards of 0.2, 0.4, 0.8, and 1.2 gg/mL; Detection limit was 0.01 gg/mL. To 1 mL of blood in a 50-mL Erlenmeyer flask were added 5 mL deionized water, glass beads, and 2 mL of 1:1 mixture of concentrated HNO3 and HC104. The samples were digested at 120-150~ for approximately 2 h until a clear solution was obtained, quantitatively transferred to a 10-mL volumetric flask, and made up to volume with deionized water. A sample blank was always prepared with each set of samples in order to control the possible contamination by external zinc. Accuracy and precision of the method was checked by spiking the samples with known amount of standard. The coefficients of variation were 8 and 4.5% at 10 and 100 ng/mL, respectively.
The accuracy of methods for metal estimation was further controlled by participation in an interlaboratory quality-assurance program (ITRC, Lucknow) wherein coded samples were analyzed regularly and results scruitinized by the quality manager. Further, a quality check sample was always run with each set of samples for lead and zinc analysis to mentain accuracy.
Statistical analysis
The Student's t-test was used to analyze the mean differences of lead and zinc levels in maternal and cord blood of normal and IUGR cases and also to compare two groups of different characteristics. A one-way ANOVA was applied to test the significance when comparing social status, mother's age, and gestational age of the baby as these variables involved the comparison of more than two groups. Descriptive statistics (mean, standard error, median, and range) of maternat and cord blood lead and zinc levels are presented in Table I . The mean level of lead was significantly higher in the maternal blood of mothers giving birth to IUGR babies than those of mothers with normal newborn babies (p < 0.05). The lead level was also significantly higher in the cord blood of IUGR babies (p < 0.05) when compared with that of normals ( Table I ). The level of zinc was also higher in the maternal blood of IUGR cases than in maternal blood of normal newborns. However, cord blood Zn level in the IUGR group was little lower than in normals (Table I ). Figure 1A indicated that 53% mothers had blood Pb level > 10 lag/dL, 34% had 10-20 lag/dL, 17% had 20.1-30 gg/dL, and 2% had > 30 gg/dL. Similarly, Figure 1B showed that 54% infants had cord blood Pb level > 10 gg/dL, 28% had 10-20 gg/dL, 17% had 20.1-30 gg/dL, and 9% had > 30 lag/dL. The children's blood Pb level >10 gg/dL is the intervention level suggested by the CDC. There was a good correlation between lead levels in maternal and lead levels in the cord blood, as demonstrated in Figure 2 (r = 0.53, p < 0.01). As given in Table II , results on lead and zinc levels in maternal blood were categorized on the basis of certain characteristics of the IUGR and normal mothers. This showed that maternal blood lead was significantly higher in middle class mothers and those delivered at > 34 weeks of gestation. The level of zinc was also significantly higher in mothers not taking tobacco than in tobacco consumers (Table II) . However, when lead and zinc levels in cord blood were analyzed according to reported characteristics of the IUGR and normal mothers (Table III) , it was apparent that social status and age of mother might influence the zinc level in the blood of their newborn babies (Table III) . Furthermore, the relationship between cord lead levels and birth weight of newborns ( Figure 3 ) indicated a weak but significant negative correlation between the two variables (r = --0.23, p < 0.05). Lead is known to cross the human placenta as early as the 12th week of gestation, and the total lead content in fetal tissues increases throughout pregnancy (10) , suggesting that infants are exposed in utero to blood lead levels in proportion to those of the mother (11) . In this context a higher level of lead in maternal blood of mothers giving birth to IUGR babies than in mothers with normal newborn babies (Table I) is a toxicologically significant observation as there is higher lead levels also in the cord blood of IUGR group (Table I) . This finding assumes importance in the backdrop of reported reduction in birth weight and length in rats exposed to lead well before pregnancy (12) . In addition, human studies have shown that in utero exposure to low levels of lead may be related to deficits in fetal growth (13, 14) . Occupational exposure to lead of mothers in Norway showed an increased risk of low birth weight and neural tube defects among the offspring (15) . Also, fetuses of women who lived adjacent to a large lead smelter might experience IUGR that results from the mother's systemic availability of lead absorbed from their environment (16) . Interestingly, in the IUGR group, zinc level was higher in the maternal blood and lower in cord blood when compared with normal group (Table  I) . This suggested a diminished transfer of zinc from mother to fetus in IUGR group. There may be numerous reasons for this, but lead-induced diminished transfer of zinc in the IUGR group is also possible. Alternatively, the increase in maternal blood zinc level in IUGR group may be a physiological adaptation to ameliorate the effects of lead toxicity by particularly attributing to its ability to activate or reactivate & amino levulinic acid dehydratase (ALAD), one of the key enzymes inhibited by lead in the biosynthesis of heine (17) . On the other hand, the potential for a higher level of blood-lead-induced increase in zinc-protoporphyrin (ZP) (10) in the IUGR group is limited because ZP is reported to rise after blood lead levels of 55 ~tg/dL in adults and 35 iag/dL in children. In the present study, only 2% of mothers and 8% of infants had blood lead > 30 I~g/dL (Figure 1) . The mean maternal blood lead was 10.29 ~g/dL in the present study compared with 5.96 and 8.3 ~g/dL reported for Saudi Arabian (10) and American (18) women, respectively. The potential sources of exposure may be motor vehicle exhaust, food, water, or industrial operations such as paint and electronic factories. However, mobilization of bone lead, increased gut absorption, and retention during pregnancy may also contribute significantly for relatively higher blood lead in mothers in the present study. Studies have also established lead mobilization from skeletal stores during pregnancy and lactation (19) . In Lucknow, the lead concentration in air was reported to range from 0.60 to 1.95 ~g/m 3 (7).
Analysis of zinc

Discussion
The cord blood concentration of lead varied from 3.04 to 25.24 with a mean of 11.40 ~g/dL. It is important to note that 54% of the newborns had blood lead level > 10 ~g/dL ( Figure 1B ) that was set by the CDC (3) as intervention level. A recent study by Bellinger et al. (20) showed that lead exposure of 10-25 ~g/dL could produce detrimental effects on the developing nervous system. There was a good correlation between maternal and cord blood lead level (r = 0.53, p < 0.01) confirming the transfer of lead from mother to the fetus. The proportion of newborns with blood lead levels exceeding CDC's intervention level was much lower in other countries (21) . However, prenatal lead exposure was very high in developing countries, as shown during 1990 in Lucknow and 1993 in Shanghai, China. The mean level of cord blood lead in newborns of Lucknow was 16.6 ~g/dL and 70% of infants exceeded 10 ~tg/dL (22) . In Shanghai, the mean concentration of cord blood lead was 9.1 ~g/dL and 40.8% crossed the CDC's limit of 10 ~g/dL (23) .
Results regarding impact of mother's characteristics on maternal and cord blood lead level were significant with regard to few variables only (Tables II and III) . However, the data of this study ( Figure 3) showed a weak but statistically significant negative relationship between cord blood lead levels and newborns birth weight suggesting that lead exposure level, as observed, might pose a higher risk for developmental deficits than expected.
Malnutrition, age, parity, socioeconomic status of women, and smoking during pregnancy are all well-known confounders of low birth weight or IUGR (24) . But in the present study, distribution of these potential risk factors was not very different in mothers with IUGR babies and mothers with normal newborn babies. Still, the impact of cord blood lead level on the birth weight of the baby warrants further research to determine the magnitude of the effect. Statistically significant with each other (* p < 0.05, ~ p < 0.01 ).
Conclusions
